Low-density lipoprotein oxidation and antioxidant vitamins E and C were investigated in dipper (nocturnal blood pressure fall > 10%) and nondipper (nocturnal blood pressure fall < 10%) hypertensives.
We studied 40 dippers and 28 nondippers balanced for gender, age, and body mass index. Blood samples were drawn for lipid profile determination, assessment of thiobarbituric acid-reactive substances, and fluorescent products of lipid peroxidation in native low-density lipoprotein, evaluation of susceptibility to lowdensity lipoprotein oxidation in vitro (lag phase and propagation rate), and determination of lowdensity lipoprotein vitamin E and plasma vitamins E and C contents. Compared with dippers, nondippers had significantly higher thiobarbituric acid-reactive substances and fluorescent products of lipid peroxidation (0.63 f 0.1 u 0.77 r: 0.08 nmol malondialdehyde/mg low-density lipoprotein protein, and 14.5 -C 6 v 17.9 f 4 units of relative fluorescence/mg low-density lipoprotein protein, respectively, both P c .05), shorter lag phase (56 f 13 z, 49 +: 9 min, P < .05), and lower plasma vitamin C content (42 + 9 v 35 + 10 Pmol/L, P < .05). When gender was taken into account, differences
were not significant between dipper and nondipper men, whereas, compared with dipper women, nondipper women showed significantly higher thiobarbituric acid-reactive substances and fluorescent products of lipid peroxidation (0.56 f 0.1 ZI 0.77 f 0.07 nmol malondialdehyde/mg low-density lipoprotein protein, and 12.5 f 4 z, 17.5 + 4.6 units of relative fluorescence/mg low-density lipoprotein protein, respectively, both P c .05), shorter lag phase (62.5 + 11 u 49 f 9.5 min, P < .05), and lower plasma vitamin C content (44.9 + 10 z, 34.7 f 10.8 pmol/L, P < .05). Given the role of low-density lipoprotein oxidation in the pathogenesis of atherosclerosis and that of vitamin C in protecting against it, ourA mbulatory blood pressure (BP) monitoring has shown that BP is highest during the day and lowest during the night in both normotensives and hypertensives. 
LDL Isolation
The LDL fraction was isolated as reported33 and dialyzed for 22 h in the dark against three changes of PBS containing EDTA (10 bmol/L), pH 7.4, at 4°C. LDL cholesterol was measured by an enzymatic reagent (CHOD-PAP MPRl, Boehringer Lipid Pevoxidation in Native LDL Lipid peroxidation in native LDL was evaluated by the assessment of two indexes: thiobarbituric acid-reactive substances (TBARS) and fluorescent products of lipid peroxidation (FPLP). TBARS mainly reflect malondialdehyde content in LDL3'; they are widely used for the evaluation of lipid peroxidation although some reservations exist about their specificity.35 TBARS were evaluated as previously reported.29 Fluorescent reaction products were assayed spectrofluorometrically at 515 nm excitation and 553 nm emission (Kontron SFM 25 spectrofluorometer, Milan, Italy), by Yagi's method.40 Freshly diluted tetramethoxypropane, which yields malondialdehyde, was used as a standard and results were expressed as nmol malondialdehyde/mg LDL protein. FPLP essentially reflect the interaction of polyunsaturated fatty acid peroxidation products with amino groups of phospholipids and apolipoprotein B.35,41-45 They are more sensitive and specific than TBARS and tend to remain localized at the site of oxidant burden. 44 The samples we e r irradiated with ultraviolet light to remove the fluorescence contribution of such compounds as retinol just before fluorescence measurements. Fluorescence was estimated spectrofluorometrically at 360 nm excitation and 430 nm emission using a Kontron SFM 25 spectrofluorometer calibrated with quinine sulphate and results were expressed as units of relative fluorescence/mg LDL protein. The 430-nm fluorescence in freshly prepared LDL is indicative of remnants of in vivo lipid peroxidation.35 TBARS and FPLP were evaluated twice from the same sample on the same day. The data reported are means of the values thus obtained. The coefficients of variation for TBARS and FPLP were 3.6% and 3.1%, respectively. mance liquid chromatography using a Kontron System 450 (Milan, Italy) and expressed in nmol/mg LDL cholesterol and in pmol/L, respectively. Procedures were as previously reported.46 Vitamin E and internal standard were detected by a ultraviolet-visible spectrophotometer (Kontron Detector 430) at different wavelenghts (290 and 280 nm, respectively). Plasma vitamin C was determined by spectrophotometry47 and expressed in pmol/L.
Statistical Analysis
Data are expressed as means + SD. Dipper and nondipper groups were compared with unpaired Student's t test.48 Comparisons between groups by gender were performed using twoway ANOVA followed by Scheffe's test for multiple comparisons4* ANCOVA was also used when needed. Analyses were made with the SYSTAT program on an Apple (Cuppertino, CA) Macintosh SE/30 personal computer. Statistical significance was defined as P < .05.
RESULTS
Characteristics and BP values of the study population are reported in Table 1 . Age, gender distribution, body mass index, sleep duration, and clinical and daytime BP were similar between the groups. Nighttime and 24-h BP were significantly higher in nondippers than in dippers.
Vitamin E and Vitamin C Determination LDL and plasma vitamin E were measured with high-perforMenopausal status was not different between dipper and nondipper women. Indeed, 12 (60%), one (5%), and seven (35%) dippers and eight (57%), two (14%), and four (29%) nondippers were in premenopausal, perimenopausal, and postmenopausal status, respectively. One dipper and one nondipper postmenopausal women were taking hormonal replacement therapy. Occupational status was not significantly different between dippers and nondippers. Among dipper men, 16 (80%) were employees (office staff, civil servants), one (5%) was a lawyer, and three (15%) were teachers, and among nondipper men, 11 (79%) were employees, one (7%) was a manager, and two (14%) were teachers. Among dipper women, 14 (70%) were employees, three (15%) were teachers, and three (15%) were housewives, and among nondipper women, 10 (72%) were employees, two (14%) were teachers, and two (14%) were housewives. Both male and female employees had largely sedentary jobs. The analysis of patients' diaries showed that, during the daytime, there was no difference between dippers and nondippers concerning work, home, and rest time.
Laboratory findings are reported in Table 2 . Glucose, total cholesterol, high-density lipoprotein cholesterol, triglycerides, and LDL cholesterol were similar between groups as a result of the selection process. TBARS and FPLP contents in native LDL were significantly higher in nondippers than in dippers. Lag phase was significantly shorter in nondippers than in dippers. Propagation rate, LDL vitamin E, and plasma vitamin E contents were not significantly different between groups. Plasma vitamin C was significantly lower in nondippers than in dippers.
Separate results for men and women are reported in Table 3 . Age and total and LDL cholesterol were similar among groups. Nighttime BP was significantly higher in nondippers than in dippers in both men and women. Twenty-four-hour BP was higher in nondippers than in dippers in both men and women but did not attain statistical significance because of the smaller numbers. LDL oxidation measures and vitamins did not differ significantly between dipper and nondipper men, whereas nondipper women showed significantly higher TBARS and FPLP contents in native LDL, shorter lag phase, and lower plasma vitamin C than dipper women. Moreover, dipper women had signif- icantly lower TBARS and FPLP in native LDL than dipper men. Differences were not significant between nondipper women and nondipper men. Differences observed between dippers and nondippers, both in the whole study population and in women, remained significant after adjustment for 24-h BP.
DISCUSSION

Main Findings
In the present study we have evaluated LDL oxidation and antioxidant vitamins E and C in dippers and nondippers. Our data show that nondippers have a higher propensity for LDL oxidation and lower plasma vitamin C content than dippers. When gender was taken into account, differences were not significant between dipper and nondipper men, whereas they were more evident and significant between dipper and nondipper women. At first we will discuss our findings in dippers and nondippers in the whole study population, and then we will attempt to explain the differences between men and women.
LDL Oxidation
TBARS and FPLP in native LDL could be indicative of subtle oxidation that had already occurred in vivo.35,42,43 Radical-mediated oxidant damage of LDL particles seems to occur in or near the arterial wa11,27 but it has been suggested that modified lipoproteins could escape into the bloodstream to account for the presence of lipid peroxidation products in plasma.21 Indeed, oxidatively modified LDL have been detected in human plasma.49 TBARS and FPLP in native LDL were found to be significantly higher in nondippers, suggesting that persistent pressure overload throughout 24 h could be associated with increased production of oxygen-free radicals by vascular cells or could enhance LDL infiltration into the arterial wall, thus increasing the availability of LDL for oxidation.
Lag phase is a measure of LDL resistance to oxidation in vitro.""""
In copper-mediated oxidation, it mainly depends on LDL antioxidant content and amounts of preformed lipid hydroperoxides.35 The higher content of lipid peroxides, which is suggested by the higher content of TBARS and FPLP in LDL of nondippers could account for the significantly lower duration of the lag phase, in comparison with dippers.
Antioxidant
Vitamins Vitamin E is the major antioxidant of LDL.35 It is a lipophilic chain-breaking antioxidant that scavenges lipid peroxyl radicals,35 both in lipoproteins and cellular membranes. We have found a similar LDL vitamin E content in dippers and nondippers, both before and after gender was taken into account. Concentration of vitamin E in LDL is the result of exogenous intake, its transfer from LDL to cellular membranes or other lipoproteins, and its metabolic redox reactions in LDL.45 It can be hypothesized that although LDL vitamin E could be more frequently oxidized in nondippers, it could be promptly regenerated by other antioxidant systems, such as vitamin C. Indeed, it has been reported that vitamin C can both preserve"' and regenerate4" vitamin E.
Vitamin C is a water-soluble chain-breaking antioxidant that reacts with oxygen-free radicals.34 It represents the outstanding antioxidant in plasma,a4 prevents vascular-cell-mediated LDL oxidation,"' and can regenerate vitamin E from the radical form.45 Moreover, some studies have shown a negative correlation between BP and vitamin C.52-55 Various mechanisms by which vitamin C might influence BP have been proposed,"' including a free radical scavenging property preventing prostacyclin synthetase inhibition."" In addition, it has also been suggested that BP may influence vitamin C metabolism."2~55 We have found lower levels of vitamin C in nondippers than in dippers. It can be speculated that the lower vitamin C level found in nondippers may be the result of a greater antioxidant consumption in response to an increased oxidative stress associated with pressure overload over 24 h.
Gender-Related Differences
As mentioned, the differences observed in the present study were less evident between dipper and nondipper men and more evident between dipper and nondipper women. It is intriguing to attempt to explain these findings. Recent studies suggest that estrogens inhibit oxidative modification of LDL,5h-59 whereas testosterone does nop7 or could have prooxidant activity."" Thus, sex steroids could influence LDL oxidation in biologic systems. It can be speculated that in hypertensive men, because of the lack of a protective effect of androgens or because of their prooxidant activity, the oxidative stress could be shifted towards higher levels during the daytime with a consequently small, although present, additive effect of elevated nighttime BP. In hypertensive women, owing to the protective effect of estrogens, oxidative stress could be blunted during the daytime and they could need a longer exposure to high BP throughout 24 h to overwhelm estrogen's protective effect and experience higher oxidative stress. Some differences observed between dipper men and dipper women, but not between nondipper men and nondipper women, could contribute to support this hypothesis. In addition, it can also be speculated that nondipper women, compared with dipper women, show reduced activity of other antioxidant systems not evaluated in the present study.
Pathophysiologic Implications
We have recently reported16 greater vascular damage in the carotid arteries (atherosclerotic plaques and intima-media thickness) in nondippers than in dippers in women and a lesser and not significant difference between the two 12, NO. 
Conclusions
Given the role of LDL oxidation in the pathogenesis of atherosclerosis and that of vitamin C in protecting against it, our data suggest that nondippers, especially among women, show higher atherogenie risk than dippers. ACKNOWLEDGMENTS It is not yet clear whether enhanced oxidative stress occurs before or after the development of hypertension.'s-26 In the former hypothesis, our data suggest that dippers and nondippers could show some differences in pathophysiologic background.
In the latter hypothesis, our results suggest that pressure overload throughout 24 h is associated with enhanced oxidative stress and increased LDL oxidation.
2.
Study Limitations
First, because of the complexity of our procedures we could not obtain a larger sample size. This problem arises especially when dippers and nondippers are analyzed by gender, leading to even smaller groups. Thus, it cannot totally be excluded that the lack of a significant difference between dipper and nondipper men may be due to a type II error. In any case, our data suggest that differences between dippers and nondippers are far more evident in women than in men. Second, because smoking habits, diabetes, and dyslipidemia are associated with increased LDL oxidation independently of BP values, we excluded subjects with these characteristics. Whether the impact of 24-h BP profile on LDL oxidation and plasma vitamin C could be different in sustained hypertensives with other additional risk factors should be determined. Third, whether differences between men and women according to circadian BP profile persist when only hypertensive women far along in postmenopausal status are studied should also be evaluated. Fourth, Pickering and James64 have recently proposed that dippers and nondippers could be better defined as peakers and nonpeakers, respectively, considering the sleep BP as the baseline level and awake BP as the result of various extrinsic factors. Regardless of the definition, however, our data suggest that nondipper/nonpeaker women show increased oxidative stress with respect to dipper/peaker ones. Fifth, it could be argued that, in nondippers, increased oxidative stress may be the result of higher 24-h BP and not of circadian BP pattern. Differences observed between dippers and nondippers remained significant after adjustment for 24-h BP, suggesting
